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Introduction 






What's the common problem of reducing antenna radar 
cross section (RCS) using Metasurfaces? 


BHHNHNHNHOOOOo0 4 ^ The transverse dimension is usually too 
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The aperture efficiency is too low! 


Now, the problem to be addressed is how to realize high 
aperture efficiency and low RCS at the same time! 
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How to realize both co- and cross-polarization 
RCS reduction with a high aperture efficiency? 
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Structure of the proposed antenna 
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(a) Side view of the F-P antenna 


(b) Top view of the 1* layer 











(c) Top view of the 2™ layer 


(d) Top view of the 3" layer 
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schematic diagram of working principle | | 
(а) Reflection maenttudes 


< “The 2n"d and 3" layers work together as a " Sx аси 


—4— Wm=10.3mm 
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partially reflective surface (PRS) to construct pow | —— Wm-$2mm 
° | EERE Oo So . —— Wm=7.9mm 
an F-P antenna. p" RUE n, 1 —0— тив випа 
Š -170 Ы Ao. ‚ 
* When seen by the EM wave radiated š OOo. 
Q^ 475 
from the microstrip antenna (MA), the PRS 
: ш š ; я тп 1.5 8.0 8.5 9.0 9.5 10.0 
should have identical reflection characteristics Frequency (GHz) 
(b) Reflection phases 


with different sizes of the square patches. 
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The F-P antenna can obtain a very high gain and aperture efficiency when 
the spacing between the substrate of the feed antenna and the PRS satisfies the 
following condition: 


pns 95 — 7 X 2d, — -2Nn,N — 0,1,2 (1) 


pps : the reflection phase of the PRS 
Qc :the reflection phases of the metallic ground 
€, : the relative permittivity of the substrate of the microstrip antenna and 
A : the operation wave length. 


According to equation (1), the initial value of d1 is 18.5 mm, which is then 
optimized to 18 mm. 
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Offset feed antenna 
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(a) xoz-plane 
* When the MA is placed at the center of the _ «d cm 





eround plane (Xp - 0mm), the beam tilt angle 0 15 ^H | J PÀ 

is 1°. This is because the S-parameter of the — "j Метро 

unit cell of the PRS changes slightly with the 8 ' = \ ААА | 
variation of width of the square patch. 3. | i ak | 

* When the position of the MA changes in ү |7" | | | 
the x-direction, the beam tilt angle 0 in the xoz- | ---хетт x 
plane changes: 022?, 1?, 0^, and -0.5? for Xp-- |! 21" | 
7mm, 0mm, 7mm, and 14mm. S amelbaw 7 


(b) yoz-plane 
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For the case of scattering 
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* All the three layers work together as a 
phase gradient metasurface (PGM ) to reflect 
the incident wave to non-threatened direction 
to realize in-band monostatic RCS reduction. 
* When seen by the incident wave, the unit 
cells with different sizes of the PGM should 


have different reflection phases. 
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(a) Reflection magnitudes 
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(b) Reflection phases 
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How to select the reflection phases of each unit cell? 


The anomalous reflection of PGM is governed by the generalized Snell’s law [5] 


| | Ad 
sin 6, — sin 0; — Lg (2) 


Does a larger reflection angle 0, lead to better RCS reduction? 


The proposed PGM can be modeled as a | X8 reflect array 
in the x-direction. Thus, the array factor for scattering can be 


calculated as follows 9 
0.6 nm | E | > m, ej (kdi cos 0 t fj) | (3) 
S pd 
г m; : the reflection magnitude 
02 d4; : the distance between the first element and the ith 
element 


rrr r7: Bai : the phase difference between the first element and the 
Phase Difference(Degree) ith el ement 


[5] N. Yu, P. Genevet, M. A. Kats, F. Aieta, J.-P. Tetienne, F. Capasso and Z. Gaburro, "Light propagation with phase 
discontinuities: generalized laws of reflection and refraction," Science, vol. 334, pp. 333-337, 2011. 10 
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The sizes and reflection phases of the ith element 


Wm (mm) 6.5 7.9 10.3 11.2 14 
(p -215° -260° -316° -360° -405° -451° -495° -540° 


The main beam and the first pattern trough 
point to the directions of 0,=18° and 0°. 
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Normalized array factor of the proposed PGM 
in the xz-plane 
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(а) (b) 
In-band bistatic RCS comparison between proposed and reference antennas at 8.4GHz for a 
normally incident EM wave with (a) x- and (b) y-polarization. 


0,=14.5° and 2° 0,.-13.5? and -2? 
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Radiation performance of the proposed antenna 


Gain (dBi) 
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Frequency (GHz) 20 
15 
S11 and peak gains of the proposed F-P antenna 10 
а: g 
= 0 
% The peak gain of 19.2dBi is obtained at 8.4 s 
GHz. н 
-15 
* The aperture efficiency is as high as 58.6% " 
-180 -120 -60 0 60 120 180 
at 8.4 GHz. run 


Radiation patterns of the proposed antenna in the (a) 
xoz-plane and (b) yoz-plane. 13 





Results 


Scattering performance of the proposed antenna 


Monostatic RCS (dBsm) 


Proposed (x-polarization) 

—-—- Proposed (y-polarization) 
= = reference (x-polarization) 
- reference (y-polarization 
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Frequency (GHz) 


Monostatic RCS comparison between proposed and 
reference antennas for normally incident EM waves 


* The monostatic RCS is reduced from 7GHz 
to 11GHz under normally incident wave. 
* Both the co- and cross-polarizarion RCS is 


reduced significantly. 
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(b) 
Monostatic RCS of the reference antenna and 
proposed antenna in the xoz-plane under the (a) Ф- 
polarized and (b) 0-polarized incident waves. 44 
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COMPARISON OF THE PERFORMANCES AMONG PREVIOUSLY REPORTED Low-RCS F-P 
ANTENNAS AND THIS WORK 


In-band co- In-band cross- 
polarization polarization 
RCSR RCSR 


Gain/(aperture 


Electrical size efficiency) 





2.3X2.3X0.584?  132dB/(31.490) — about 5dB about 5dB 

3.7ж3.7х0.7373 18.4dB/(40.2%) about 2dB 17 dB 
3.67 X 3.67 X0.624? . 19.8dB(5596) 3.8dB 16.4dB 
2.53X2.53X0.672? | 123dB(20.896) 25dB 25dB 





3.36 X 3.36 X 0.74? 19.2dB/(58.6 9c ) 13.1dB 13dB 
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Advantages 


* 


** Both co- and cross-polarization monostatic RCS reduction of the proposed F-P 
antenna is achieved using the PGM structure. 
* A high aperture efficiency is achieved due to the asymmetric reflection 


characteristics of the PRS. 


Future work 


<“ Broaden the RCS reduction bandwidth. 


* Enhance the angle stability of RCS reduction for oblique incident waves. 


16 






Баира ат 
А x XIDIAN UNIVERSITY 
= 


Thank you for listening 





